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referenced  herein. 
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INTRODUCTION 


It  is  known  that  an  explosive  charge  of  constant  size,  configuration,  and 
placement  with  respect  to  the  earth's  surface  will  produce  different  size 
craters  depending  on  soil  type  and  moisture.1  It  is  desirable  to  do  an 
analysis  of  artillery  munitions  and  resultant  cratering  so  that  an  accurate 
estimate  of  ejecta  can  be  calculated  for  modeling  purposes.  Dusty  Infrared 
Tests  (DIRT)  I,  II,  and  III,  conducted  between  October  1978  and  May  1980, 
addressed  this  subject.  DIRT-I,1  performed  at  White  Sands  Missile  Range 
(WSMR),  New  Mexico,  Included  static  detonations  and  live  artillery  firings  of 
155-mm  high  explosive  (HE)  ammunition.  The  soil  type  was  a  brown  silty  sand 
with  low-to-moderate  moisture  content  (3  to  13  percent).  OIRT-I I , *  also 
conducted  at  WSMR,  Included  static  detonations  of  105-  and  155-mm  and  4.2-in 
ammunition,  and  live  firings  of  105-  and  155-mm  projectiles.  The  soil  was  an 
alluvial  deposit  of  silty  clay  with  varying  amounts  of  sand.  Moisture  content 
varied  from  10  to  15  percent  near  the  surface  to  18  to  24  percent  at  depths  of 
up  to  1  m.  DIRT-I II,  conducted  at  Fort  Polk,  LA,  during  April  and  May  1980, 
utilized  static  firings  of  105-  and  155-mm  HE  US  Army  ammunition,  and  122-  and 
152-mm  Soviet  HE  projectiles  (figure  1).  Also  Included  In  the  tests  were 
various  sizes  and  placements  of  uncased  HE,  Including  composition  four  (C-4) 
and  M118  demolition  block.  Surface  soil  was  sandy  loam,  below  which  was  a 
heavy  yellow  clay.  Moisture  content  was  high,  ranging  up  to  30  percent  by 
weight. 

The  thread  of  commonality  throughout  the  DIRT  series  was  the  155-mm  HE 
projectile.  Therefore,  comparisons  of  craters  formed  by  the  various  munitions 
can  be  related  to  the  155.  Only  those  tests  where  the  projectiles  were  placed 
at  elevated  angles  of  up  to  30°  with  the  nose  tangent  to  the  surface  (ST)  are 
used  for  comparison.  The  rationale  for  detonating  the  static  munitions  in 
this  manner  is  that  the  elevation  angle  and  burst  position  approximates  an 
Incoming  round  containing  a  superquick  point  detonating  fuze.  As  will  be 
seen,  this  assumption  Is  not  entirely  correct,  because  the  craters  produced  by 
live  fire  were  generally  smaller  than  static  detonations  and  the  crater  shapes 
were  different.  Those  craters  produced  by  tube-delivered  rounds  generally  had 
pronounced  elongation  along  the  flight  path,  while  craters  made  with 
statically  detonated  projectiles  had  lateral  troughs  normal  to  the 
projectiles'  long  axis. 


‘Cratering  from  High  Explosive  Charges:  Analysis  of  Crater  Oata,  Technical 
Report  No.  2-547,  Report  T,  US  Army  Engineer  Waterways  Experiment  Station, 
Corps  of  Engineers,  Vicksburg,  MI,  June  1961. 

<L1ndberg,  James  D.,  Compiler,  Measured  Effects  of  Battlefield  Oust  and  Smoke 
on  Visible,  Infrared,  and  Millimeter  wavelength  Propagation:  A  Preliminary 
Report  on  Dusty  infrared  Test-1  (DIRT-IJ,  AsL-TR-0621,  uS  Army  Atmospheric 
Sciences  Laboratory,  white  Sands  Missile  Range,  NM,  January  1979. 

'Kennedy,  Bruce  W.,  Compiler,  Dusty  Infrared  Test-II  (DIRT-I I )  Program, 
ASL-TR-0058,  US  Army  Atmospheric  sciences  Laboratory,  White  Sands  Missile 
Range,  NM,  May  1980. 


Figure  1.  The  four  types  of  projectiles  used  during  the  DIRT-III  test 
including  (left  to  right)  US  105-imi,  USSR  122-mm,  US  155-mm, 
and  USSR  152-mm. 


ANALYSIS 

Table  1  summarizes  the  tests  to  be  compared  from  DIRT- 1,  II,  and  III.  The 

table  Includes  the  mean  crater  depth  and  diameter,  number  of  samples,  and  the 

standard  deviation.  Unfortunately,  samples  are  limited  in  some  cases  to  only 
three.  Therefore,  results  of  any  analysis  can  only  be  construed  as  indicators 
of  trends.  It  can  also  be  observed  that  the  standard  deviation  of  crater 
depth  Is  generally  smaller  than  crater  diameter,  although  on  a  percentage 

basis  the  variation  of  depth  is  larger  In  three  out  of  seven  cases.  Diameters 

were  usually  measured  across  two  axes,  major  and  minor,  and  the  values 
averaged.  Methods  of  measurement  will  not  be  discussed  here,  but  there  was 
some  subjectivity  In  the  determination  of  crater  diameter,  and  this  can  lead 
to  uncertainties.  Most  of  the  variability,  however.  Is  not  attributable  to 
this  uncertainty. 

First,  we  will  examine  the  differences  In  craters  due  to  soil.  Referring  to 
table  2,  the  ratio  of  static  155-nw  depth  between  DIRT-I  and  DIRT-II  is  0.7, 
while  the  ratio  of  diameters  of  0.86.  This  shows  that  craters  at  the  DIRT-II 
site  were  larger.  A  test  of  significance  at  95  percent  confidence  shows  that 
the  values  are  different.  Comparing  DIRT-II  with  DIRT-III  the  depth  ratio  Is 
1.1  and  the  diameter  ratio  Is  0.85.  Again,  differences  are  statistically 
significant.  DIRT-I/DIRT-III  ratios  are  0.77  for  depth  and  0.73  for 
diameter.  The  conclusion  Is  that  crater  size  Increases  as  a  function  of 
moisture  and  soil  cohesiveness.  This  agrees  well  with  data  In  reference  one. 
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TABLE  1.  STATISTICAL  SUMMARY  OF  CRATER  OEPTH  AND  DIAMETERS  FOR  VARIOUS 
MUNITIONS  USED  DURING  OIRT-I,  II,  AND  III 

DIRT-I  DIRT-II  DIRT-1 1 1 

DEPTH  DIAMETER  DEPTH  DIAMETER  DEPTH  DIAMETER 


(n) 

(n) 

(n) 

(n) 

(n) 

(n) 

155-rm 

live  fire 

0.37(50) 

1.44(59) 

0.55(10) 

1.73(10) 

- 

- 

105-mm 

live  fire 

- 

- 

0.3(10) 

1.05(11) 

- 

- 

155-mm 

static  {llo-30°) 

0.40(5) 

1.72(5) 

0.57(9) 

2.01(9) 

0.52(3) 

2.37(3) 

0 

0.10 

0.12 

.13 

0.1 

0.02 

0.31 

105-mm 

0 

static 

- 

- 

0.30(6) 

0.02 

1.45(6) 

0.17 

0.29(3) 

0.02 

1.31(3) 

0.28 

152-mm 

0 

static 

- 

- 

- 

- 

0.35(4) 

0.06 

2.05(4) 

0.19 

122-mm 

a 

static 

- 

- 

- 

- 

0.35(3) 

0.05 

1.76(3) 

0.37 

(n)  denotes  sample  size.  Units  are  meters. 


TABLE  2.  RATIOS  OF  CRATER  DEPTHS  AND  DIAMETERS  FOR  VARIOUS  TESTS 
CONDUCTED  AT  DIRT-I,  II,  AND  III 


Ratio 


Test  Comparison 

Depth 

Diameter 

155  ST  DIRT-I/155  ST  DIRT-II 

0.70 

0.86 

155  ST  DIRT-II/155  ST  DIRT-III 

1.10 

0.85 

155  ST  DIRT-I/155  ST  DIRT-III 

0.77 

0.73 

155  FIRE  DIRT-I/155  FIRE  DIRT-II 

0.67 

0.83 

155  FIRE  DIRT-I/155  ST  DIRT-I 

0.93 

0.84 

155  FIRE  DIRT-II/155  ST  DIRT-II 

0.96 

0.86 

105  FIRE  DIRT-I 1/105  ST  DIRT-II 

1.00 

0.72 

152  ST  DIRT-I 11/155  ST  DIRT-III 

0.67 

0.86 

105  ST  DIRT- I I 1/122  ST  DIRT-III 

0.83 

0.74 

122  ST  DIRT-I I 1/155  ST  DIRT-III 

0.67 

0.74 

* 


Craters  can  also  be  compared  between  DIRT-I  and  DIRT- 1 1  for  live  artillery 
firings  of  155-mn  ammunition.  The  depth  ratio  between  OIRT-I  and  DIRT-II  is 
0.67,  while  the  diameter  ratio  is  0.83.  This  compares  favorably  with  the  0.7 
and  0.86  ratios  derived  from  the  static  detonations. 

To  further  compare  data,  live  artillery  firings  and  static  detonations  from 
both  OIRT-I  and  DIRT-II  are  examined.  For  OIRT-I,  the  ratio  of  155-mm  tube- 
delivered  projectiles  vs  static  detonations  is  0.93  for  depth  and  0.84  for 
diameter.  DIRT-II  155-mn  results  are  0.96  and  0.86,  respectively,  a  good 
correlation.  DIRT-II  105-mm  results  are  1.00  for  depth  and  0.72  for 
diameter. 

One  important  factor  that  can  be  determined  from  this  data  is  the  relative 
strength  of  the  foreign  ammunition  compared  with  that  of  the  United  States. 
Comparing  DHT-III  static  detonations  of  152-  with  155-mm,  the  depth  ratio  is 
0.67,  and  the  diameter  ratio  is  0.86.  In  other  words,  the  155  round  produces 
a  larger  crater,  a  somewhat  interesting  statistic  because  the  Soviet  round 
contained  approximately  0.17  kg  more  explosive. 

A  comparison  can  also  be  made  between  the  105-  and  122-mm  rounds  for 

DIRT-I II .  The  depth  and  diameter  ratios  are  0.83  and  0.74,  which  is  not 
surprising,  because  the  Soviet  round  contains  1.38  kg  more  explosive.  The 
122/155  mm  ratios  are  0.67  for  depth  and  0.74  for  diameter.  In  this  case  the 
155  round  contains  about  3  kg  more  explosive  material. 

Even  though  there  were  no  tube-delivered  tests  of  Soviet  ammunition,  an 
approximation  of  crater  size  can  be  computed  based  on  comparison  between 

static  and  dynamic  US  ammunition.  The  average  ratios  between  155-mn  dynamic 
and  static  firings  for  DIRT-I  and  DIRT-II  are  0.945  for  depth  and  0.85  for 
diameter.  Table  3  shows  simulated  live  fire  crater  values  computed  for  both 
US  and  Soviet  ammunition.  It  also  shows  actual  values  of  cratef  parameters 
for  live  firings  at  DIRT-II.  Agreement  is  good  between  computed  vs  actual 

value  for  105  and  155  rounds,  with  the  exception  of  105-mm  crater  diameter. 


TABLE  3.  CRATER  PARAMETERS  (METERS).  COMPUTED  VALUES  REPRESENT  SIMULATEO 
LIVE  FIRINGS.  ACTUAL  VALUES  WERE  TAKEN  AT  DIRT-II. 

Computed  Actual 

Projectile  Depth  Diameter  Depth  Diameter _  \ 


DIRT-II  105-mm 

.28 

1.23 

DIRT-II  155-mm 

.54 

1.71 

DIRT-II I  122-mm 

.33 

1.5 

DIRT-III  152-mm 

.33 

1.74 

DIRT-I I I  105-mm 

.27 

1.11 

DIRT-III  155-mm 

.49 

2.01 

.03 

.55 


1.05 

1.73 


It  has  been  common  practice  for  explosives  to  be  expressed  in  terms  of  TNT 
equivalence.  C-4,  for  example,  has  a  TNT  equivalence  of  about  1.3  One  of  ttu 
objectives  of  DIRT-I,  II,  and  III  was  to  determine  the  bare  charge  equivalence 
for  the  various  military  munitions.  However,  Mason  and  Carnes5  show  that 
craters  formed  by  cased  munitions  are  irregular  in  shape  and  have  "troughs"  on 
each  side  of  the  crater.  DIRT-II  revealed  that  for  a  ST  detonation, 
approximately  twice  the  projectile  charge  of  C-4  was  required  to  produce  an 
equivalent  crater.  Carnes  attributed  this  to  the  work  exerted  on  the  soil  by 
the  shell  fragments.  Further  studies  have  indicated  that  there  are  different 
equivalences  for  crater  depth  than  for  diameter: *  a  single  uncased  charge 
will  simulate  either  depth  or  diameter,  but  not  both.  The  reason  for  needing 
equivalence  is  because  some  tests  cannot  tolerate  the  presence  of  fragment 
hazard  for  either  safety  reasons  or  equipment  protection. 

For  the  purposes  of  modeling  battlefield  obscuration  from  HE  dust,  it  is 

probably  safe  to  assume  that  the  adversaries  will  not  be  hurling  uncased 

charges  at  one  another.  It  seems  sensible,  then,  to  create  an  equivalence 
more  akin  to  the  battlefield.  This  author  proposes  using  the  155-mm  TNT 
filled  fragment  projectile  as  the  standard.  This  standard  would  provide  a 
proportionality  constant,  K,  to  denote  both  depth  and  diamater  equivalences. 
Table  4  reflects  the  K-f actors  for  each  of  the  munitions  discussed  here. 

These  K-factors  are  for  low  angle  of  fire  (<30°  angle  of  fall)  and  surface 
detonation.  The  values  for  the  105-mm  were  calculated  from  table  1,  while 

those  for  the  122-  and  152-mm  were  computed  from  table  3. 


TABLE  4.  K-FACTORS  FOR  TUBE-DELIVEREO  ARTILLERY  MUNITIONS  USING 
THE  155-MM  HE  FRAGMENT  ROUND  AS  A  STANDARD 


Projectile 

Explosive 

Type 

Explosive 

Charge-Kg 

Projectile 

Weight-Kg 

K- 

Depth 

■FACTOR 

Diameter 

105-mm 

COMP  B 

2.3 

15 

0.55 

0.61 

155-mm 

TNT 

6.76 

44 

1.0 

1.0 

122-mm 

Amatol /TNT 

3.68 

21.76 

0.67 

0.75 

152-mm 

TNT 

6.93 

40 

0.67 

0.86 

’Kennedy,  Bruce  W.,  Compiler,  Dusty  Infrared  Test-II  (DIRT-II)  Program, 
ASL-TR-0058,  US  Amy  Atmospheric  Sciences  Laboratory,  White  Sands  Missile 
Range,  NM,  May  1980. 

'Kennedy,  Bruce  W.,  B.  I.  Carnes,  and  James  B.  Mason,  "Dusty  Infrared  Test  II 
(DIRT-II),"  presented  to  Smoke/Obscurant  Symposium  IV,  Adelphl,  MD,  April 
1980. 
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RECOMMENDATIONS 


Because  of  the  limited  quantity  of  data,  additional  research  and  field 
experiments  are  needed  to: 

1.  Verify,  through  repetitive  tests,  the  accuracy  of  the  findings  of 
this  report. 

2.  Conduct  low  angle  firings  into  soil  similar  to  Fort  Polk,  LA. 

3.  Conduct  high  angle  tests,  i.e.  quadrant  elevation  greater  than  45°  in 

various  soil  types. 

4.  Fire  projectiles  containing  time  delay  fuzes. 

5.  Test  comparability  of  US  and  Soviet  superquick  point  detonating  fuzes 
and  craters  using  live  fire. 

Items  4  and  5  are  of  particular  importance.  According  to  Terlecky,5  a  surface 
tangent  bare  charge  produces  32  to  36  percent  of  the  true  crater  mass  in 
fallback,  62  to  66  percent  ejecta,  and  2  percent  in  cloud  and  crater 

compaction.  Noting  the  latter  figure,  a  partially  buried  charge  produces  18 

to  22  percent  of  crater  mass  as  dust  cloud  and  compaction.  At  projectile 
impact,  a  few  milliseconds  delay  between  contact  and  detonation  would  yield  a 
significantly  larger  dust  cloud. 

It  is  desirable  to  compare  craters  between  live  firings  of  United  States  and 
Soviet  ammunition.  However,  because  live  firings  of  the  foreign  rounds  were 
not  conducted,  an  indirect  approach  using  the  results  from  a  combination  of 
tube-delivered  and  static  detonation  craters  is  necessary.  Using  the  averaged 
ratios  of  0.945  and  0.85  for  depth  and  diameter  of  155-mm  craters,  a 
simulation  of  crater  size  can  be  calculated  for  the  122-  and  152-mm  rounds. 
Table  3  shows  these  simulated  values  for  both  Soviet  and  United  States 
ammunition.  These  comparisons  assume  that  the  fuze  for  the  Soviet  ammunition 
is  equivalent  to  the  US  fuze.  This  assumption  should  be  tested. 

SUMMARY  AND  CONCLUSIONS 

DIRT-I,  II,  and  III  have  produced  Important  data  on  craters  formed  by  the 
detonation  of  military  artillery  projectiles  in  different  types  of  soil.  Even 
with  limited  testing,  strong  correlative  trends  are  apparent  between 
projectiles  and  soil  types.  Crater  sizes  generally  Increase  as  soil  moisture 
content  Increases,  and  as  soil  type  progresses  from  sand  to  silt  to  clay. 


’Terlecky,  P.  Michael,  Jr.,  "Mass  Partition  in  Soil  Cratering,"  Journal  of 
Geophysical  Research,  78:32,  November  1973. 
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ATTN:  DRSMI-OG  (Mr.  Donald  R.  Peterson) 

Redstone  Arsenal,  AL  35809 

Commander 

US  Amy  Missile  Command 

ATTN:  DRSMI-OGA  (Dr.  Bruce  W.  Fowler) 

Redstone  Arsenal,  AL  35809 
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Commander 

US  Army  Missile  Command 

ATTN:  DRSMI-REO  (Mr.  Maxwell  W.  Harper) 

Redstone  Arsenal,  AL  35809 


Commander 

US  Amy  Missile  Command 

ATTN:  DRSMI-RRA  (Dr.  Oskar  Essenwanger) 

Redstone  Arsenal,  AL  35809 

Commander 

US  Amy  Missile  Command 

ATTN:  DRSMI-RRO  (Mr.  Charles  Christensen) 

Redstone  Arsenal,  AL  35809 


Commander 

US  Amy  Missile  Command 

ATTN:  DRSMI-RRO  (Dr.  George  A.  Tanton) 

Redstone  Arsenal,  AL  35809 


Commander 

US  Army  Missile  Command 

ATTN:  DRSMI-REO  (Mr.  Gene  Wldenhofer) 

Redstone  Arsenal,  AL  35809 

Commander 

US  Amy  Missile  Command 

ATTN:  ORSMI-RHC  (Or.  Julius  Q.  Lilly) 

Redstone  Arsenal,  AL  35809 

Commander 

US  Amy  Missile  Command 
Redstone  Scientific  Information  Center 
ATTN:  DRSMI-RPRD  (Documents  Section) 
Redstone  Arsenal,  AL  35809 


re* 


Commander 

US  Amy  Communications  Command 

ATTN:  CC-OPS-PP 

Fort  Huachuca,  AZ  85613 

Commander 

US  Army  Intelligence  Center  A  School 
ATTN:  ATSI-CO-CS  (Hr.  Richard  G.  Cundy) 
Fort  Huachuca,  AZ  85613 

Commander 

US  Army  Intelligence  Center  A  School 
ATTN:  ATSI-CD-M)  (Mr.  Harry  Wilder) 
Fort  Huachuca,  AZ  85613 

Commander 

US  Army  Intelligence  Center  A  School 
ATTN:  ATSI-CS-C  (2LT  Coffman) 

Fort  Huachuca,  AZ  85613 

Commander 

US  Army  Yuma  Proving  Ground 
ATTN:  STEYP-MSA-Tl 
Bldg  2105 
Yuma,  AZ  85364 

Northrop  Corporation 
Electro-Mechanical  Division 
ATTN:  Dr.  Richard  D.  Tooley 
500  East  Orangethorpe  Avenue 
Anaheim,  CA  92801 

Commander 

Naval  Weapons  Center 

ATTN:  Code  3918  (Dr.  Alexis  Shlanta) 

China  lake,  CA  93555 

Hughes  Helicopters 

Army  Advanced  Attack  Helicopter  Weapons 
ATTN:  Mr.  Charles  R.  Hill 
Centlnela  and  Teale  Streets 
Bldg  305,  MS  T-73A 
Culter  City,  CA  90230 

Commander 

US  Arn<y  Combat  Developments 
Experimentation  Command 
ATTN:  ATEC-PL-M  (Mr.  Gary  G.  Love) 

Fort  Ord,  CA  93941 

SRI  International 
ATTN:  K2060/Dr.  Edward  E.  Uthe 
333  Ravenswood  Avenue 
Menlo  Park,  CA  94025 


SRI  International 
ATTN:  Mr.  J.  E.  Van  der  laan 
333  Ravenswood  Avenue 
Menlo  Park,  CA  94025 

Joane  May 

Naval  Environmental  Prediction 
Research  Facility  (NEPRF) 

ATTN:  Library 
Monterey,  CA  93940 

Sylvanfa  Systems  Group, 

Western  Division 
GTE  Products  Corporation 
ATTN:  Technical  Reports  Library 
P.0.  Box  205 

Mountain  View,  CA  94042 

Syl vanla  Systems  Group 
Western  Division 
GTE  Products  Corporation 
ATTN:  Mr.  Lee  W.  Carrier 
P.0.  Box  188 

Mountain  View,  CA  94042 

Pacific  Missile  Test  Center 

Geophysics  Division 

ATTN:  Code  3250-3  (R.  de  Vlollnl) 

Point  Mugu,  CA  93042 

Pacific  Missile  Test  Center 
Geophysics  Division 
ATTN:  Code  3253  (Terry  E.  Battallno) 
Point  Mugu,  CA  93042 

Effects  Technology  Inc. 

ATTN:  Mr.  John  D.  Carlyle 
5383  Hollister  Avenue 
Santa  Barbara,  CA  93111 

Commander 

Naval  Ocean  Systems  Center 

ATTN:  Code  532  (Dr.  Juergen  Richter) 

San  Diego,  CA  92152 

Commander 

Naval  Ocean  Systems  Center 

ATTN:  Code  5322  (Mr.  Herbert  G.  Hughes) 

San  Diego,  CA  92152 

Commander 

Naval  Ocean  Systems  Center 
ATTN:  Code  4473  (Tech  Library) 

San  Diego,  CA  92152 


The  RAND  Corporation 
ATTN:  Ralph  Huschke 
1700  Main  Street 
Santa  Monica,  CA  90406 

Particle  Measuring  Systems,  Inc. 

ATTN:  Dr.  Robert  G.  Knoll enberg 
1855  South  57th  Court 
Boulder,  CO  80301 

US  Department  of  Commerce 
National  Oceanic  and  Atmospheric  Admin 
Environmental  Research  Laboratories 
ATTN:  Library,  R-51,  Technical  Reports 
325  Broadway 
Boulder,  CO  80303 

US  Department  of  Commerce 
National  Oceanic  and  Atmospheric  Admin 
Environmental  Research  Laboratories 
ATTN:  R45X3  (Dr.  Vernon  E.  Derr) 
Boulder,  CO  80303 

US  Department  of  Commerce 
National  Telecommunications  and 
Information  Administration 
Institute  for  Telecommunication  Sciences 
ATTN:  Code  1-3426  (Dr.  Hans  J.  Llebe) 
Boulder,  CO  80303 

AFATL/DLODL 
Technical  Library 
Eglin  AFB,  FL  32542 

Commanding  Officer 
Naval  Training  Equipment  Center 
ATTN:  Technical  Information  Center 
Orlando,  FL  32813 

Georgia  Institute  of  Technology 
Engineering  Experiment  Station 
ATTN:  Dr.  Robert  W.  McMillan 
Atlanta,  GA  30332 

Georgia  Institute  of  Technology 
Engineering  Experiment  Station 
ATTN:  Dr.  James  C.  Wlltse 
Atlanta,  GA  30332 

Commandant 

US  Amy  Infantry  Center 

ATTN:  ATSH-CD-MS-E  (Mr.  Robert  McKenna) 

Fort  Bennlng,  GA  31805 


Commander 

US  Army  Signal  Center  A  Fort  Gordon 
ATTN:  ATZHCO-CS 
Fort  Gordon,  GA  30905 

Commander 

US  Anqy  Signal  Center  A  Fort  Gordon 

ATTN:  ATZHCD-0 

Fort  Gordon,  GA  30905 

USAFETAC/DNE 

ATTN:  Mr.  Charles  Glauber 
Scott  AFB,  IL  62225 

Commander 

Air  Weather  Service 

ATTN:  AWS/DNDP  (LTC  Kit  G.  Cottrell) 

Scott  AFB,  IL  62225 

Commander 

Air  Weather  Service 

ATTN:  AWS/000F  (MW  Robert  Wright) 

Scott  AFB,  IL  62225 

Commander 

US  Army  Combined  Arms  Center 
A  Ft.  Leavenworth 

ATTN:  ATZLCA-CAA-Q  (Mr.  H.  Kent  Pickett) 
Fort  Leavenworth,  KS  66027 

Commander 

US  Army  Combined  Arms  Center 
A  Ft.  Leavenworth 

ATTN:  ATZLCA-SAN  (Robert  DeKInder,  Jr.) 
Fort  Leavenworth,  KS  66027 

Commander 

US  Amy  Combined  Arms  Center 
A  Ft.  Leavenworth 

ATTN:  ATZLCA-SAN  (Mr.  Kent  I.  Johnson) 
Fort  Leavenworth,  KS  66027 

Commander 

US  Army  Combined  Arms  Center 
A  Ft.  Leavenworth 

ATTN:  ATZLCA-WE  (LTC  Darrell  Holland) 
Fort  Leavenworth,  KS  66027 

President 

USAARENBD 

ATTN:  ATZK-AE-TA  (Dr.  Charles  R.  Leake) 
Fort  Knox,  KY  40121 
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Comnander 

US  Army  Armor  Center  and  Fort  Knox 
ATTN:  ATZK- CO-MS 
Fort  Knox,  KY  40121 

Comnander 

US  Army  Armor  Center  and  Fort  Knox 
ATTN:  ATZK-CO-SO 
Fort  Knox,  KY  40121 

Aerodyne  Research  Inc. 

ATTN:  Dr.  John  F.  Ebersole 
Crosby  Drive 
Bedford,  MA  01730 

Commander 

Air  Force  Geophysics  laboratory 
ATTN:  OPA  (Dr.  Robert  W.  Fenn) 

Hanscom  AFB,  MA  01731 

Commander 

Air  Force  Geophysics  Laboratory 
ATTN:  0P1  (Or.  Robert  A.  McClatchey) 
Hanscom  AFB,  MA  01731 

Massachusetts  Institute  of  Technology 

Lincoln  Laboratory 

ATTN:  Or.  T.  J.  Gobllck,  B-370 

P.0.  Box  73 

Lexington,  MA  02173 

Massachusetts  Institute  of  Technology 

Lincoln  Laboratory 

ATTN:  Dr.  Michael  Gruber 

P.0.  Box  73 

Lexington,  MA  02173 

Raytheon  Company 

Equipment  Division 

ATTN:  Dr.  Charles  M.  Sonnenscheln 

430  Boston  Post  Road 

Way! and,  MA  01778 

Commander 

US  Army  Ballistic  Research  Laboratory/ 
ARRADCOM 

ATTN:  DRDAR-BLB  (Mr.  Richard  McGee) 
Aberdeen  Proving  Ground,  MD  21005 


Commander/Di  rector 
Chemical  Systems  Laboratory 
US  Army  Armament  Research 
A  Development  Command 
ATTN:  OROAR-CLB-PS  (Dr.  Edward  Stueblng) 
Aberdeen  Proving  Ground,  MD  21010 

Commander/01 rector 
Chemical  Systems  Laboratory 
US  Army  Armament  Research 
A  Development  Command 
ATTN:  OROAR-CLB-PS  (Mr.  Joseph  Yervler) 
Aberdeen  Proving  Ground,  21010 

Commander/01 rector 
Chemical  Systems  Laboratory 
US  Army  Armament  Research 
A  Development  Command 
ATTN:  ORDAR-CLY-A  (Mr.  Ronnald  Pennsyle) 
Aberdeen  Proving  Ground,  MD  21010 

Commander 

US  Amy  Ballistic  Research  Laboratory/ 

AQRAnrnM 

ATTN:  OROAR-TSB-S  (STINFO) 

Aberdeen  Proving  Ground,  MD  21005 

Commander 

US  Army  Electronics  Research 
A  Development  Command 
ATTN:  OROEL-CCM  (W.  H.  Pepper) 

Adel  phi,  MD  20783 

Commander 

US  Army  Electronics  Research 
A  Development  Command 
ATTN:  DRDEL-CG/DRDEL-DC/DRDEL-CS 
2800  Powder  Mill  Road 
Adel phi,  MD  20783 

Commander 

US  Army  Electronics  Research 
A  Development  Command 
ATTN:  DRDEL-CT 
2800  Powder  Mill  Road 
Adelphl,  M)  20783 

Commander 

US  Army  Electronics  Research 
A  Development  Command 
ATTN:  DRDEL-PAO  (M.  Singleton) 

2800  Powder  Mill  Road 
Adelphl,  MD  20783 
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Project  Manager 
Smoke/Obscurants 
ATTN:  DRDPM-SMK 

(Dr.  Anthony  Van  de  Wal ,  Jr.) 
Aberdeen  Proving  Ground,  MD  21005 

Project  Manager 
Smoke/Obscurants 

ATTN:  DRDPM-SMK-T  (Mr.  Sidney  Gerard) 
Aberdeen  Proving  Ground,  MD  21005 

Commander 

US  Army  Test  &  Evaluation  Command 
ATTN:  DRSTE-AD-M  (Mr.  Warren  M.  Baity) 
Aberdeen  Proving  Ground,  MO  21005 

Commander 

US  Army  Test  A  Evaluation  Command 
ATTN:  DRSTE-AD-M  (Dr.  Norman  E.  Pentz) 
Aberdeen  Proving  Ground,  MD  21005 

Director 

US  Army  Materiel  Systems  Analysis  Activity 
ATTN:  DRXSY-AAM  (Mr.  William  Smith) 
Aberdeen  Proving  Ground,  MD  21005 

Director 

US  Army  Materiel  Systems  Analysis  Activity 
ATTN:  DRXSY-CS  (Mr.  Philip  H.  Beavers) 
Aberdeen  Proving  Ground,  MD  21005 

Director 

US  Army  Materiel  Systems  Analysis  Activity 
ATTN:  DRXSY-GB  (Wilbur  L.  Warfield) 
Aberdeen  Proving  Ground,  MD  21005 

Di rector 

US  Army  Materiel  Systems  Analysis  Activity 
ATTN:  DRXSY-GP  (Mr.  Fred  Campbell) 

Aberdeen  Proving  Ground,  MD  21005 

Director 

US  Army  Material  Systems  Analysis  Activity 
ATTN:  DRXSY-GP  (H.  Stamper) 

Aberdeen  Proving  Grounds,  MD  21005 

Director 

US  Amy  Materiel  Systems  Analysis  Activity 
ATTN:  DRXSY-GS 

(Mr.  Michael  Starks/Mr.  Julian  Chernlck) 
Aberdeen  Proving  Ground,  MD  21005 


Director 

US  Amy  Materiel  Systems  Analysis  Activity 
ATTN:  DRXSY-J  (Mr  James  F.  O'Bryon) 
Aberdeen  Proving  Ground,  MD  21005 

Director 

US  Amy  Materiel  Systems  Analysis  Activity 
ATTN:  DRXSY-LM  (Mr.  Robert  M.  Marchetti) 
Aberdeen  Proving  Ground,  MD  21005 

Commander 

Harry  Diamond  Laboratories 
ATTN:  Dr.  William  W.  Carter 
2800  Powder  Mill  Road 
Adel  phi,  MD  20783 

Commander 

Harry  Diamond  Laboratories 
ATTN:  DELHD-R-CM  (Mr.  Robert  McCoskey) 
2800  Powder  Mill  Road 
Adel  phi,  MD  20783 

Commander 

Harry  Diamond  Laboratories 
ATTN:  DELHD-R-CM-NM  (Dr.  Robert  Humphrey) 
2800  Powder  Mill  Road 
Adel  phi,  MD  20783 

Commander 

Harry  Diamond  Laboratories 
ATTN:  DELHD-R-CM-NM  (Dr.  Z.  G.  Sztankay) 
2800  Powder  Mill  Road 
Adel  phi,  MD  20783 

Commander 

Harry  Diamond  Laboratories 
ATTN:  DELHD-R-CM-NM  (Dr.  Joseph  Nemarlch) 
2800  Powder  Mill  Road 
Adel  phi,  MD  20783 

Commander 

Air  Force  Systems  Command 

ATTN:  WER  (Mr.  Richard  F.  Plcanso) 

Andrews  AFB,  MD  20334 

Martin  Marietta  Laboratories 
ATTN:  Jar  Mo  Chen 
1450  South  Rolling  Road 
Baltimore,  M)  21227 


Commander 

US  Army  Concepts  Analysis  Agency 
ATTN:  CSCA-SMC  (Hr.  Hal  E.  Hock) 

8120  Woodmont  Avenue 
Bethesda,  MD  20014 

D1 rector 

National  Security  Agency 
ATTN:  R52/0r.  Douglas  Woods 
Fort  George  G.  Meade,  MO  20755 

Chief 

Intelligence  Materiel  Development 
A  Support  Office 

US  Army  Electronic  Warfare  Laboratory 
ATTN:  DELEW-I  (LTC  Kenneth  E.  Thomas) 
Fort  George  G.  Meade,  MD  20755 

The  Johns  Hopkins  University 
Applied  Physics  Laboratory 
ATTN:  Dr.  Michael  J.  Lun 
John  Hopkins  Road 
Laurel  1 ,  MD  20810 

Dr.  Stephen  T.  Hanley 
1720  Rhodesia  Avenue 
Oxon  Hill,  W)  20022 

Science  Applications  Inc. 

ATTN:  Mr.  G.  D.  Currie 
15  Research  Drive 
Ann  Arbor,  MI  48103 

Science  Applications  Inc. 

ATTN:  Dr.  Robert  E.  Turner 
15  Research  Drive 
Ann  Arbor,  MI  48103 

Commander 

US  Amy  Tank -Automotive  Research 
A  Development  Command 
ATTN:  DRDTA-ZSC  (Mr.  Harry  Young) 
Warren,  MI  48090 

Commander 

US  Army  Tank  Automotive  Research 
A  Development  Command 
ATTN:  DRDTA-ZSC  (Mr.  Wallace  Mick,  Jr.) 
Warren,  MI  48090 


Dr.  A.  D.  Belmont 
Research  Division 
Control  Data  Corporation 
P.0.  Box  1249 
Minneapolis,  MN  55440 

D1 rector 

US  Amy  Engr  Waterways  Experiment  Station 
ATTN:  WESEN  (Mr.  James  Mason) 

P.0.  Box  631 
Vicksburg,  MS  39180 

Dr.  Jerry  Davis 
Department  of  Marine,  Earth 
and  Atmospheric  Sciences 
North  Carolina  State  University 
Raleigh,  NC  27650 

Commander 

US  Amy  Research  Office 
ATTN:  ORXRO-GS  (Or.  Leo  Alpert) 

P.0.  Box  12211 

Research  Triangle  Park,  NC  27709 
Commander 

US  Amy  Research  Office 
ATTN:  DRXRO-PP  (Brenda  Mann) 

P.0.  Box  12211 

Research  Triangle  Park,  NC  27709 
Commander 

US  Amy  Cold  Regions  Research 
A  Engineering  Laboratory 
ATTN:  CRREL-RD  (Or.  K.  F.  Sterrett) 
Hanover,  NH  03755 

Commander/Di  rector 
US  Amy  Cold  Regions  Research 
A  Engineering  Laboratory 
ATTN:  CRREL-RG  (Mr.  George  Altken) 
Hanover,  NH  03755 

Commander 

US  Amy  Cold  Regions  Research 
A  Engineering  Laboratory 
ATTN:  CRREL-RG  (Mr.  Roger  H.  Berger) 
Hanover,  NH  03755 

Commander 

US  Army  Armament  Research 
A  Development  Command 
ATTN:  DRDAR-AC  (Mr.  James  Greenfield) 
Dover,  NJ  07801 
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Conmander 

US  Army  Armament  Research 
A  Development  Command 
ATTN:  DRDAR-TSS  (Bldg  #59) 

Dover,  NJ  07801 

Commander 

US  Army  Armament  Research 
A  Development  Command 
ATTN:  DRCPM-CAWS-EI  (Mr.  Peterls  Jansons) 
Dover,  NJ  07801 

Commander 

US  Army  Armament  Research 
A  Development  Command 
ATTN:  DRCPM-CAWS-EI  (Mr.  G.  H.  Waldron) 
Dover,  NJ  07801 

Deputy  Joint  Project  Manager 
for  Navy/USMC  SAL  GP 

ATTN:  DRCPM-CAWS-NV  (CPT  Joseph  Micell) 
Dover,  NJ  07801 

Commander/Di  rector 

US  Army  Combat  Surveillance  4  Target 
Acquisition  Laboratory 
ATTN:  DELCS-1  (Mr.  David  Longinotti) 

Fort  Monmouth,  NJ  07703 

Commander/Di  rector 

US  Army  Combat  Surveillance  A  Target 
Acquisition  Laboratory 
ATTN:  DELCS-PE  (Mr.  Ben  A.  D1  Campll) 

Fort  Monmouth,  NJ  07703 

Commander/Di  rector 

US  Army  Combat  Surveillance  4  Target 
Acquisition  Laboratory 
ATTN:  DELCS-R-S  (Mr.  Donald  L.  Folanl) 
Fort  Monmouth,  NJ  07703 

D1 rector 

US  Army  Electronics  Technology  A 
Devices  Laboratory 
ATTN:  DELET-DD  (S.  Danko) 

Fort  Monmouth,  NJ  07703 

Project  Manager 
FIREFINOER/REMBASS 

ATTN:  DRCPM-FFR-TM  (Mr.  John  M.  Blalo) 
Fort  Monmouth,  NJ  07703 


Commander 

US  Army  Electronics  Research 
A  Development  Command 
ATTN:  DRDEL-SA  (Dr.  Walter  S.  McAfta) 
Fort  Monmouth,  NJ  07703 

OLA,  2WS  (MAC) 

Holloman  AFB,  NM  88330 
Commander 

Air  Force  Weapons  Laboratory 
ATTN:  AFWL/WE  (MAJ  John  R.  Elrick) 
Klrtland,  AFB,  NM  87117 

D1 rector 

USA  TRADOC  Systems  Analysis  Activity 
ATTN:  ATAA-SL 

White  Sands  Missile  Range,  NM  88002 
Director 

USA  TRADOC  Systems  Analysis  Activity 
ATTN:  ATAA-SL  (Dolores  Angulano) 

White  Sands  Missile  Range,  NM  88002 

D1 rector 

USA  TRADOC  Systems  Analysis  Activity 
ATTN:  ATAA-TDB  (Mr.  Louie  Dominguez) 
White  Sands  Missile  Range,  NM  88002 

D1 rector 

USA  TRADOC  Systems  Analysis  Activity 
ATTN:  ATAA-TOB  (Mr.  William  J.  Leach) 
White  Sands  Missile  Range,  NM  88002 

Director 

USA  TRADOC  Systems  Analysis  Activity 
ATTN:  ATAA-TGP  (Mr.  Roger  F.  Willis) 
White  Sands  Missile  Range,  NM  88002 

Director 

Office  of  Missile  Electronic  Warfare 
ATTN:  DELEW-M-STO  (Or.  Steven  Kovel) 
White  Sands  Missile  Range,  NM  88002 

Office  of  the  Test  Director 
Joint  Services  EO  GW  CM  Test  Program 
ATTN:  DRXDE-TD  (Mr.  Weldon  Findley) 
White  Sands  Missile  Range,  NM  88002 

Commander 

US  Amy  White  Sands  Missile  Range 
ATTN:  S7EWS-PT-AL  (Laurel  B.  Saunders) 
White  Sands  Missile  Range,  NM  88002 


Commander 

US  Army  RAD  Coordinator 
US  Embassy  -  Bonn 
Box  165 

APO  Mew  York  09080 

Grumman  Aerospace  Corporation 
Research  Department  -  MS  A08-35 
ATTN:  John  E.  A.  Selby 
Bethpage,  NY  11714 

Rome  Air  Development  Center 
ATTN:  Documents  Library 
TSLD  {Bette  Smith) 

Griffiss  AFB,  NY  13441 

Dr.  Roberto  Vaglio-Laurln 
Faculty  of  Arts  and  Science 
Dept,  of  Applied  Science 
26-36  Stuyvesant  Street 
New  York,  NY  10003 

Air  Force  Wright  Aeronautical  Laboratories/ 
Avionics  Laboratory 

ATTN:  AFWAL/AARI-3  (Mr.  Harold  Geltmacher) 
Wri ght-Patterson  AFB,  OH  45433 

Air  Force  Wright  Aeronautical  Laboratories/ 
Avionics  Laboratory 

ATTN:  AFWAL/AARI-3  (CPT  William  C.  Smith) 
Wri ght-Patterson  AFB,  OH  45433 

Commandant 

US  Army  Field  Artillery  School 
ATTN:  ATSF-CF-R  (CPT  James  M.  Watson) 

Fort  Sill,  OK  73503 

Commandant 

US  Army  Field  Artillery  School 
ATTN:  ATSF-CD-MS 
Fort  Sill,  OK  73503 

Commandant 

US  Amy  Field  Artillery  School 
ATTN:  ATSF-CF-R 
Fort  Sill,  OK  73503 

Commandant 

US  Army  Field  Artillery  School 
ATTN:  NOAA  Liaison  Officer 

(CDR  Jeffrey  G.  Carlen) 

Fort  Sill,  OK  73503 


Commandant 

US  Amy  Field  Artillery  School 
Morris  Swett  Library 
ATTN:  Reference  Librarian 
Fort  Sill,  OK  73503 

Commander 

Naval  Air  Development  Center 
ATTN:  Code  301  (Mr.  George  F.  Eck) 
Warminster,  PA  18974 

The  University  of  Texas  at  El  Paso 
Electrical  Engineering  Department 
ATTN:  Dr.  Joseph  H.  Plerlulssl 
El  Paso,  TX  79968 

Commandant 

US  Army  Air  Defense  School 

ATTN:  ATSA-CD-SC-A  (CPT  Charles  T.  Thorn) 

Fort  Bliss,  TX  79916 

Commander 

HQ,  TRADOC  Combined  Arms  Test  Activity 
ATTN:  ATCAT-OP-Q  (CPT  Henry  C.  Cobb,  Jr.) 
Fort  Hood,  TX  76544 

Commander 

HQ,  TRADOC  Combined  Arms  Test  Activity 
ATTN:  ATCAT-SCI  (Or.  Darrell  W.  Collier) 
Fort  Hood,  TX  76544 

Commander 

US  Amy  Dugway  Proving  Ground 
ATTN:  STEDP-MT-DA-L 
Dugway,  UT  84022 

Commander 

US  Amy  Dugway  Proving  Ground 

ATTN:  STEDP-MT-DA-M  (Mr.  Paul  E.  Carlson) 

Dugway,  UT  84022 

Commander 

US  Amy  Dugway  Proving  Ground 

ATTN:  STEDP-MT-DA-T  (Mr.  John  Trethewey) 
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